The Regional Approaches to Climate Change for the Pacific Northwest Agriculture (REACCH PNA) project was a USDA-National Institute of Food and Agriculture (NIFA) funded effort aimed at taking a comprehensive and interdisciplinary approach to understanding the implications of climate change on wheat and other cereal crop production in the inland Pacific Northwest (iPNW). As part of this project, two comprehensive surveys of wheat producers were conducted in 2012/13 and 2015/16, which included questions concerning production practices, risk perception, and attitudes towards climate change adaptation and mitigation. This paper explores farmers' anticipated adaptive responses to climate change across five different adaptation strategies, including, cropping system, crop rotation, tillage practices, soil conservation practices, and crop insurance. This research examines whether farmers anticipate making little to no change or moderate to big changes to their production system in response to climate change and whether perceived economic and environmental risks motivate farmers' intentions to adapt to climate change. I found that a small percentage (18-28%) of respondents intend on taking moderate to big action in response to predicted climate change, across both surveys and all five adaptation strategies. Further, high levels of perceived economic and environmental risks, associated with climate change and positive attitudes towards adaptation, are motivating intentions to adapt.
Introduction
Dryland cereal production in the inland Pacific Northwest (iPNW) takes place in the semiarid portion of Central Washington and the Columbia Plateau in Northeast Oregon and Northern Idaho [1] . This region produces around 17% of the national wheat harvest [2] , which is primarily produced for a bulk commodity export market with over 90% of grains sold to Asia [3] . Wheat is the predominant cropping system in the iPNW but many producers in the region also grow small grains, peas, and canola [4] . The dominant cropping system in the region has been driven, in part, by economic incentives, including commodity subsidies, farm programs, and global markets, which have incentivized intensive monoculture production in the region. The region has been productive but cultivation has also led to soil degradation and erosion due to intensive tillage and fallow practices [3] .
Climate change is expected to impact dryland cereal production in the inland Pacific Northwest (iPNW) with concomitant ecological, agronomic, and economic impacts. The region is expected to experience warmer temperatures, particularly in summer months, and more frost-free days. Winters are also expected to be wetter but more of that precipitation will be in the form of rain, instead of snow, which is likely to be coupled with longer periods of drought during the summer and fall [5, 6] .
Increased temperatures can have a negative impact on wheat production, however, regional analyses suggest that increased carbon dioxide fertilization, due to elevated CO 2 , and associated water use efficiency, will lead to stable or increased wheat yields until mid-to-late century [2, 7, 8] . However, by 2100 these yield increases are likely to level off and wheat yields may decline [6] . Additionally, warmer and drier summer conditions may lead to more fallow practices which could lead to decreased production and accelerated erosion rates [2, 9] . Indirect climatic effects such as changes to pest, disease, and weed dynamics are also of concern [6] . While some model projections anticipate an increase in wheat yields, these models rely on temperature models and do not fully capture the effects of more frequent and extreme heat and other weather events that may impact production in less favorable ways [4] nor do they account for changes in grain quality as a result of warming.
Farmers will likely need to adapt both the social and ecological aspects of their production systems to create more resilient cropping systems for the future. Resilient social-ecological systems are responsive to shocks (e.g., drought) yet do not necessitate system-scale transformation, which may require fundamental shifts in cropping systems and management approaches; however, Folke et al. argue that when transformation is inevitable, "resilient systems contain the components needed for renewal and reorganization" [10] (p. 7). Climate risks however, are not driven by climatic factors alone but are also influenced by the actions that humans take, at multiple human institutional scales, to moderate risks and exploit potential benefits [11, 12] . Therefore, climate change will require that farmers in the region respond to these risks and production uncertainties in both short-and long-term time frames [4] . Farmers' subsequent actions, or inactions, will impact future vulnerabilities. Some practices that can reduce vulnerability and climate risks in the region, referred to in this paper as climate adaptation best management practices (BMPs) [13] , include cover crops/green manures, diversified rotations, precision management, and reduced tillage [4] . The use of crop insurance is also an economic risk management strategy used by farmers to mitigate the impacts of weather and market fluctuations on their operation [14] .
Farmers may purposefully adapt their farm operations to more extreme and variable weather associated with climate change, yet they are also motivated by other goals and objectives [13, [15] [16] [17] . Thus it is critical to examine how farmers situate their management decisions in the face of uncertainty posed by climate changes and how their perception of risks influence their adaptation intentions. Given the importance of the iPNW for agricultural production and livelihood maintenance of many rural communities across the region, it is essential that we understand what farmers might do in response to a changing climate.
Over the past decade, there has been a proliferation of research that examines agricultural stakeholders, including farmers, and their climate change beliefs and decision-making processes regarding climate change adaptation and mitigation, yet there is a dearth of published data from the Pacific Northwest [18] . This illustrates a gap in our understanding of diverse regional perspectives among farmers on risk perceptions and intentions to adopt climate adaptation BMPs despite the call for such regional analyses [13, 18] . Specific to this study, I sought to answer key questions to better understand iPNW wheat farmers' adaptation intentions, which include: (1) How many farmers anticipate taking moderate to big changes in response to projected climate change? (2) What factors influence farmers' intentions to adapt their farm management practices, including cropping system, crop rotation, tillage, soil conservation, and crop insurance, in response to projected climate change? and (3) How do risk perceptions, both environmental and economic risks, influence adaptation intentions over time? In this study, I explore iPNW wheat farmers' responses to two surveys, administered in 2012/13 and 2015/16, which were part of a large-scale research effort designed to better understand climate impacts on dryland cereal production in the iPNW.
In the following section, I outline background literature and present a conceptual framework developed to illustrate how perceived environmental and economic risks interact and influence adaptive intentions among farmers and how this contributes to our understanding of behavioral models. The methods section outlines the survey data, analytical approach, and limitations. This is followed by a results section that highlights findings from five logistic regression models, estimated for both survey time periods, to assess farmer intentions to adapt their cropping system, crop rotation, tillage, soil conservation, and crop insurance practices in response to climate projections. The discussion and conclusion section integrates model results with ideas developed via the conceptual framework to improve our understanding of how perceived risks influence adaptive intentions. I conclude by outlining the need for future research and identify opportunities to expand educational and policy incentives to enable proactive adaptation among wheat producers in the iPNW and other agriculturally intensive regions.
Background Literature
Many social scientists agree that risk is not something independent of human society and culture but rather risk, and our understanding of it, is socially constructed [19, 20] . Beck suggests that risk originates from human decision making and is thus a part of society [21] . Jaeger et al. define risk as "a situation or event in which something of human value (including humans themselves) has been put at stake and where the outcome is uncertain [22] (p. 17). Heyman suggests that risk is "a simplifying heuristic for projecting a degree of uncertainty about the future" [23] (p. 5). Therefore, conceptualizing risk emphasizes a choice between alternative and often uncertain futures [24] . Risk, however, cannot be sensed per se but rather it is perceived [25] as it is not something that we experience in our daily lives but is often tied to phenomenon that are temporally and spatially distant, or at least perceived to be so [26, 27] . For many, climate change represents a temporally, and often times, spatially distant event rather than something that will have local impacts in the near-term.
Risk Perception
Risk perception is the perceived likelihood of negative consequences, given a specific phenomenon or as the consequence of a particular decision [28] . It is driven by culturally complex and uneven social experiences of uncertainty that vary across individuals, sectors, and nations and will reflect cultural values and group membership [29, 30] . Slovic et al. [31] suggest that there are three dimensions of risk, which are risk as feelings, risk as analysis, and risk as politics and these components of risk influence how people perceive potential future risks. Van der Linden examines this further and suggests that risk perception associated with climate change is multidimensional and it is influenced by cognitive factors, experiential factors and socio-cultural factors, as well as socio-demographics [32] . Further, climate risk perceptions among individuals, including farmers, may not always reflect a scientific or expert-based understanding of scientific probabilities associated with risks (risk as analysis) [33] but rather may reflect the broader social and political landscape that an individual operates within (risk as politics) [34] . Indeed, normative factors significantly influence an individual's climate change risk perceptions [32] .
Multiple factors influence how individuals perceive risks. Personal experiences with extreme weather events directly influencing risk perceptions and are, also significant predictors of climate change beliefs and support for adaptation [13, 29, 32, [35] [36] [37] . Niles et al. [38] found that previous climate experiences influence farmers' perception of climate change risks because spatially, temporally, and socially "close" events influence risk perceptions and behavioral change. Schattman et al. [39] , they found that Vermont farmers' climate risk perceptions are influenced by both personal experiences with extreme weather events and external information sources. Belief in anthropogenic climate change can influence farmers' perceptions of risks associated with climate change [40] and these beliefs are linked to partisan ideology [34] that drives climate science skepticism.
The long-term implications of climate change may be difficult for farmers to address, given that they already deal with seasonal, and day-to-day changes in the weather that demand their attention and response. In this vein, Stuart et al. [41] found that most farmers in Michigan did not perceive climate change as a risk or were unsure about it. Morton et al.'s [33] study of Corn Belt producers, found that 85% of respondents reported that there was too much uncertainty about the impacts of climate change to justify changing their current practices. In Niles et al. [38] , researchers concluded that California farmers were more concerned about uncertainty with climate regulations than actual climate change impacts. Further, Coles and Scott found that rather than taking purposeful actions in response to climate change, "farmers and ranchers continue to rely on past experiences and short-range forecasts, hedging each year instead of taking significant risks" [42] (p. 307). However, Takahashi et al. [12] found that the majority of farmers in New York are already taking adaptive responses in light of experienced climate changes but that most felt that their actions were limited due to broader concerns about economic risks and the unpredictability of changing market conditions. This implies that there is regional as well as temporal variation in risk perception among U.S. farmers. However, others have found that actual behavioral changes associated with adaptation are driven more by perceived climate change risks than experiences with specific climate events [43] .
Climatic factors are certainly not the only risks that farmers face. Farmers must confront and assess for a suite of production risks, which include uncertainty about markets, policy, and site-specific weather variability. Many may perceive that climate change is a distant threat, whereas seasonal economic risks must be prioritized and mitigated in the short-term [43, 44] . Further, "farmers may not have framed climate change as a problem they need to respond to, particularly in relation to other economic (e.g., declining commodity prices) and environmental (e.g., water quality concerns with production) concerns" and therefore feel their inaction is justified [33] (p. 224). Commodity prices are a major concern for farmers who produce for commodity markets and these economic concerns are tied to broader political social, economic, and environmental events that are simultaneously occurring at local, national, and global scales, which leads to a great deal of uncertainty [42] . Coles and Scott found that many farmers in Arizona are hesitant to change their practices, if they have been successful with them in the past, because "uncertainty in the viability of new strategies as well as both climate and commodity price forecasts discourages propensity to change behaviors" [42] (p. 307).
The economic impacts of climate change, however, will depend, in part, on how farmers respond to new climatic conditions, and subsequent changes in policy and market conditions, through their adoption of adaptation strategies that are designed to mitigate risks and reduce vulnerability [36] . Therefore, how farmers adapt to climate change is based, in part, on how they perceive climate risks and their subsequent willingness to change management strategies to reduce the vulnerability of their operation.
Risk Perception Influence on Adaptive Intention Model
Based on the literature described above, a conceptual framework (Figure 1 ) was developed to illustrate how risk perceptions may influence farmer intentions to adapt agricultural practices to projected climate change. In addition to examining risk perception influences on adaptation intentions, this model includes attitudes towards adaptation as well as socio-demographic variables which I postulate are also important predictors of adaptation intentions.
The analysis presented in this study examines the relationship between perceived environmental and economic risks, attitudes towards adaptation, and socio-demographic characteristics' influence on iPNW wheat farmers' intentions to adapt. It is critical to note, that one would expect, based on behavioral models [45, 46] , that behavioral intentions drive actual behavior changes over time. These behaviors, in the context of agricultural adaptation, can either attenuate or exacerbate risks at multiple spatial and temporal scales; ideally, actual behavioral changes and their impacts would be evaluated to assess whether they generally build resilience at the farm or landscape scale [15] . However, for this analysis, I was unable to include an analysis of actual behaviors over time.
Attitudes towards adaptation have been found to be important in predicting farmer's intentions to adapt to climate change [15] and in influencing their risk perceptions due to climate change [32] . Indeed, attitude can be defined as the "affect for or against a psychological object" [47] (p. 261). With this in mind, researchers have included attitudes, or affect, as part of a conceptualization of experiential processes that link "risk as feelings" [31] to overall climate risk perceptions [32] . Further, attitudes have been found to be multidimensional and generally predictive of farmers' behavioral intentions [48] [49] [50] . Farmers' risk perceptions, specifically economic and ecological risks [39] have been found to be important in behavioral models [28] , particularly studies examining conservation practice adoption [51, 52] and in predicting adaptation and mitigation behavioral intentions [40] . Risk perceptions are an important predictor of adaptive intentions given that researchers have found strong relationships between positive attitudes towards adaptation and higher levels of perceived climate risks [15, 53, 54] . Therefore, a higher perception of climate risks will influence an individual's decision to adopt adaptation strategies [28, 39] . These analyses have not been conducted in the iPNW, therefore questions remain as to the strength of these associations.
There are often a number of socio-demographic characteristics that have been included as control variables to assess individual farmer characteristics that might influence intentions to change behavior. These variables, including education, age, and income have been included in a number of studies on conservation practice adoption among farmers in the U.S. [48, 55] as well as in models explicitly looking at farmer responses to climate change [11, 15, 18, 33] . When it comes to predicting climate change risk perceptions, Van der Linden suggests that studies have found little to no correlations between these variables and risk perceptions [32] . However, in the realm of conservation practice adoption, which is linked to climate adaptation best management practice adoption, Liu et al. [56] found, in their meta-analysis, that many studies have found that farmers' age, experience, education level, and gender have varying impacts on conservation practice adoption. They did report that many studies they examined found that farmers with more income and higher gross sales tended to be more likely to adopt conservation practices and one might presume that a similar relationship might hold for climate adaptation best management practices as well. However, political ideology and partisan affiliation have been found to be more salient socio-demographic characteristics that help explain risk perception [32] and climate change beliefs [34, 57] as well as conservation practice adoption more generally [56] .
Materials and Methods

Survey Data
This study reports on findings from two surveys collected as part of the Regional Approaches to Climate Change in the Pacific Northwest (REACCH PNW) project that was funded by the USDA NIFA program (Award 32011-68002-30191). The project mission was to explore climate change adaptation and mitigation strategies for the region to enhance the resilience of cereal cropping in the iPNW. Both surveys were approved by the University of Idaho Institutional Review Board (Protocol # 10-139). The survey asked a broad suite of questions regarding farm management, climate change beliefs, attitudes towards adaptation and mitigation as well as many socio-demographic questions. The survey was designed iteratively by the REACCH PNW team, engaging interdisciplinary perspectives across agronomy, soil science, entomology, economics, sociology, etc. The first survey, referred to in this paper as AP1 (Agricultural Producer Survey 1), was administered by the Social Science Research Unit (SSRU) at the University of Idaho and was conducted by mail in December 2012 and January 2013, following the Dillman et al. method [58] . This study was conducted in collaboration with the National Agricultural Statistics Services (NASS) [59] (see Table 1 ). The survey was administered using the National Agricultural Statistics Survey (NASS) sample frame, which consisted of 1988 unique farm operations that had 50 or more acres of wheat under production at any time in the four years prior to taking the survey and mirrored the geographic extent of the REACCH project ( Figure 2 ). A follow-up survey, referred to as AP2 (Agricultural Producer Survey 2) in this study, was administered in December 2015/January 2016 targeting wheat producers who met similar criteria as those who took AP1 (See Table 1 ). The AP2 survey instrument was modified slightly from the AP1 survey; however, only questions that remained the same, across both survey years, were included in this analysis. SSRU also designed and administered AP2, following the Dillman method [58] , using a convenience sample of agricultural producers, due to the lack of NASS collaboration on this survey. The study was designed to sample individual farm operations from the 33 counties of the REACCH region ( Figure 2 ) that had 100 or more acres of wheat under production in 2015. Two sample frames were used for this survey. The first frame consisted of 209 respondents from AP1 who volunteered to be contacted for AP2. The second frame consisted of producers who were classified as Oilseed and Grain Producers, which includes wheat farmers but is more inclusive of those who grow wheat in combination with other grain and oilseed crops. The total sample frame contained 1,284 unique operations. 
Analytical Approach
A multiple logistic regression model was used to explore farmers' behavioral intentions based on their responses to the following prompt: "A climate model for the Inland Pacific Northwest predicts that the region will experience warmer/wetter winters and hotter/drier summers by 2050. If you were faced with the changes presented above, what amount of change would you likely make to the following practices for your operation?" Respondents were then asked to indicate whether they would make no change, small changes, moderate or big changes to their operation across five different adaptation responses. These adaptive responses include changes to their current cropping systems, crop rotations, tillage systems, soil conservation practices, and crop insurance ( Table 2) . Response levels were combined to form a binary response variable to illustrate a clearer picture of trends between those who plan on making no to small changes to their operations as compared to those who plan to make moderate to big changes. The survey question was written in a general way so it is not clear how farmers would take action, thus our measure only assesses whether they intend on taking action in response to the climate scenario presented in the survey. Multiple logistic regression is an appropriate modeling technique for assessing the relationship between a binary dependent variable and multiple independent variables [63] . Data conform to the assumptions of logistic regression and fit statistics are included for all final model estimations. All statistical analyses were conducted in SAS 9.4 using proc survey model statements. 
Independent Variables
The conceptual framework developed in Figure 1 , outlines factors that influence intentions to change behavior established in the literature, specifically articulated as adaptation intentions. As part of this analysis, I postulate that attitudes towards adaptation, perceived environmental and economic risks, and socio-demographic characteristics influence farmers' intentions to change their behavior in response to climate change. I used the literature to identify variables that would be included in the five adaptive response models assessed in this paper. These independent variables were organized in conceptual categories as outlined in Figure 1 and descriptive statistics are presented in Table 3 .
To assess respondent's attitudes towards adaptation, three variables were included in the model (Table 3) . One variable (Adjust_2_Change) was included that explicitly asked whether respondents agreed that they would need to make serious changes in their farm operation to adjust to climate change. The variable Changed_Weather was included to assess whether respondents who have already changed their crop rotations due to experiences with the weather, since 2007, are more likely to anticipate making additional adaptive changes based on projected climate changes. Finally, the Changed_High_Costs variable was included to assess whether farmers who have made changes, since 2007, to their crop rotation due to high input costs (fertilizer and fuel costs), were also more likely to intend on taking adaptive action. Table 3 . A total of 11 independent variables were included in each of the five adaptive strategy models. The table provides data on each variable and associated survey question, measure, and reports the mean values (standard errors) for both AP1 (n = 760) and AP2 (n = 449). Three variables were included to represent the category of perceived environmental risks and its influence on adaptation intentions (Table 3) . This includes a variable that assessed the degree of environmental risks that respondents anticipate climate change having on farm production in their growing region (CC_Env_Risk) and two variables that assess perceived risks specifically associated with changes in precipitation. This includes a variable measuring the level of risk assessed due to less reliable precipitation (Less_Rel_Precip_Risk) and long-term drought (Longer_Drought_Risk).
Category
Three variables were included to assess the role of perceived economic risks on predicting adaptation intentions (Table 3) . One variable explicitly measures farmers' assessment of the economic risks that climate change will have on farm production in their region (CC_Econ_Risk). The Clim_Ch_Policies_Risk variable was included to measure perceptions of risk directly linked to climate change policies, which are assumed to represent economic and regulatory uncertainty for farmers. Finally, a variable was included (Costs_Inputs_Risk) that explores respondents' perception of risks associated with high input costs and the effect this might have on their operation.
Two variables were included to capture socio-demographic characteristics, including annual sales and education level (Table 3 ).
Model Limitations
The differences between the sampling procedure in AP1 as compared to AP2 made it inadvisable to combine models; therefore one has to be cautious in comparing the datasets because AP1 was designed as a random sample while AP2 was a convenience sample; however applying weighting to AP2 data and focusing the analysis on farmers in both surveys who farm 100 acres or more of wheat provide us with two similar sets of respondents. Care should be taken to directly compare differences in model results across survey time periods due to the differences in sampling; however, results provide a robust illustration of key variables that influence adaptive intentions among iPNW wheat producers.
While farmers indicated whether they would make no/small or moderate/big changes, we do not know how these changes will occur on the landscape. Results, however, suggest that there are unique covariates that influence a farmers' intention to adapt their practices associated with cropping systems (Adaptive Response 1), crop rotation (Adaptive Response 2), tillage (Adaptive Response 3), soil conservation (Adaptive Response 4) and crop insurance (Adaptive Response 5). In the following section, results from each of these Adaptive Response models, for both survey time periods, are presented. In describing the main regression results, I emphasize covariates that are statistically significant using a p-value of <0.05. Additional variables that approach significance with p-values < 0.1 are also included in the narrative to broaden the discussion of important model relationships [64] . The American Statistical Association suggests that researchers should rely-on and interpret p-values with caution [65] therefore the raw p-values (see Tables S1-S5) for each set of covariates in each model are also reported. For each model, fit statistics, including Nagelkirke's pseudo-R 2 value and Hosmer Lemeshow, are included in these Supplementary Tables. Each model is well fitting across both survey periods, indicating that the model covariates included in the analysis illustrate robust relationships with the adaptive responses explored in this study.
Results
The main focus of this study is to explore what is driving adaptation intentions across five adaptive strategies that iPNW farmers may implement in response to climate change (see Table 1 ). Of particular interest is the role of environmental and economic risks and their influence on adaptation intentions. For all survey respondents, the percentage of those indicating that environmental risks associated with climate change present a moderate to high risk to their operation increased from 41% to 53% between survey years. Additionally, the percentage that agree that economic risks due to climate change present a moderate to high risk to their operation, increased from 60% to 68% between survey years. These descriptive statistics suggest that overall, risk perception in terms of economic and environmental impacts associated with climate change have increased over the three years between surveys (Table 4) . 
Adaptive Response 1: Cropping System
The percentage of farmer respondents who report that they will have to make moderate/big changes in their cropping system in response to projected climate change range between 18% and 23% for AP1 and AP2 surveys, respectively ( Table 2 ). Respondents from both surveys who have already made changes to their crop rotation due to the weather (Changed_Weather) are more likely to intend to make changes to their cropping system in light of climate change (Table 5) . Across both surveys, the variables measuring higher perceived environmental risks (CC_Env_Risks) and higher perceived economic risks (CC_Econ_Risks) associated with climate change were positive and statistically significant across both models thus illustrating a strong positive relationship with adaptation intentions to change cropping systems.
There are some marked differences between the cropping systems model developed for AP1 and AP2. For instance, in AP1, those who disagree that they will need to make serious changes to their operation due to climate change (Adjust_2_Change) are less likely to report that they will need to make moderate to big changes to their cropping systems in response to climate change. Additionally, total Annual_Sales has a negative and significant relationship (p < 0.05) with farmers' intention to adapt their cropping system to climate change for AP1 respondents yet this variable is not statistically significant for AP2 respondents. AP2 respondents who had made changes to their crop rotation due to high input costs (Changed_HighCosts) were also more likely to intend on making changes to their cropping system in light of climate change. Finally, for AP2 respondents, the variable Costs_Inputs_Risk showed a negative relationship with adaptation intentions and approached significance (p < 0.1). This provides weak evidence that farmers who perceive greater risk due to the change in the costs of inputs are less likely to anticipate changing their cropping system in response to climate change. Note: † p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001.
Adaptive Response 2: Rotations
The percentage of farmer respondents who report that they will make moderate/big changes to their crop rotation in response to projected climate change range between 20% and 25% for AP1 and AP2 surveys, respectively (Table 2) . Those respondents from AP1 who believe they will have to adjust their cropping system (Adjust_2_Change) to address climate change are more likely to anticipate changing their crop rotations (p < 0.05) ( Table 5 ). Across both survey time periods, those who perceive higher environmental risks (CC_Env_Risk) due to climate change are more likely to intend on changing their crop rotation in response to climate change, and for AP2 respondents, higher perceived economic risks (CC_Econ_Risk) also positively influenced their intentions to adapt.
Those farmers, who responded to AP1, who have changed their crop rotations due to weather (Changed_Weather), since 2007, are more likely to anticipate changing their rotations due to projected climate change. For AP2 respondents, those farmers who have changed their crop rotation due to high input costs (Changed_High_Costs), since 2007, were more likely to intend to change their crop rotations as a climate change adaptation strategy, yet those who perceive higher risks associated with the cost of inputs (Costs_Inputs_Risk) were less likely to intend to take action. This variable approaches significance (p < 0.1) for AP1 yet it is the opposite sign, suggesting some evidence that those respondents from AP1 who perceive high risks due to the costs of inputs are more likely to intend on taking action to change their crop rotation.
Adaptive Response 3: Tillage Practices
The percentage of farmer respondents who report that they will make moderate/big changes to their tillage practices in response to projected climate change range between 23% and 27% for AP1 and AP2 surveys, respectively ( Table 2 ). The more AP1 respondents who disagree with the statement that they will have to make changes to their operation to adjust (Adjust_2_Change) to climate change, the less likely they are to anticipate making changes to their tillage practices (Table 5) . Those respondents from AP1 and AP2 who perceive high levels of economic risks (CC_Econ_Risk) and higher environmental risks (CC_Env_Risk) associated with climate change are also more likely to anticipate changing their tillage practices in response to climate change For respondents in both surveys, the variables measuring Annual_Sales was positive and significant while Education was negative and significant (p < 0.05) in the AP2 model only. These findings suggest generally that higher education and annual sales have a negative relationship with farmers' intentions to change their tillage practices in response to a changing climate. Additionally, among AP2 respondents, the variable Changed_High_Costs approached significance (p < 0.1), providing weak evidence that those respondents who have already changed their cropping systems due to high input costs are more likely to anticipate changing their tillage practices in response to climate change.
Adaptive Response 4: Soil Conservation Practices
The percentage of farmer respondents who report that they will make moderate/big changes to their soil conservation practices in response to projected climate change range between 23% and 25% for AP1 and AP2 surveys, respectively (Table 2) . Those farmers who agree that they will need to make changes to adapt their operation to adjust to a changing climate (Adjust_2_Change) are more likely to intend on changing their soil conservation practices among AP1 respondents (Table 5) . Additionally, for those AP1 respondents who have changed their crop rotation since 2007 due to the weather (Changed_Weather) are also more likely to intend on changing their soil conservation practices in the future. Across both surveys, CC_Env_Risk and CC_Econ_Risk were positive and statistically significant and suggest that as farmers' perception of both environmental and economic risks associated with climate change increases, the more likely they are to intend on making changes to their soil conservation practices.
For AP2 respondents, it appears that socio-demographic characteristics of Annual_Sales and Education had a negative and statistically significant relationship with farmers' intentions. Annual sales approaches significance (p < 0.01) in the AP1 model and also illustrates a negative relationship with intentions to adapt. Generally, those farmers from AP2 with higher education and annual sales are less likely to intend on changing their soil conservation practices in response to projected climate changes.
Adaptive Response 5: Crop Insurance
The percentage of farmer respondents who report that they will make moderate/big changes to their crop insurance practices in response to projected climate change range between 24% and 28% for AP2 and AP1 surveys, respectively. Fewer respondents in AP2 are reporting that they will change their crop insurance practices as compared to AP1 (Table 2) , which is a different trend when compared to the other models examined in this study. Overall, the crop insurance model is less well-fitting than the other models (see Table S5 ), suggesting that there may be other covariates that were not included in these models that would better explain farmers intentions to make moderate/big changes to their crop insurance practices in response to climate change (Table 5) .
For those farmers who responded to AP1 and disagree that they will need to make changes to their operation to adjust to climate change (Adjust_2_Change) are less likely to intend on changing their crop insurance practices. For both survey respondents, the more they perceived high environmental risks associated with climate change (CC_Env_Risk), the more likely they were to intend on changing their crop insurance practices. This s the same relationship found for the CC_Econ_Risk variable, suggesting that perceived environmental and economic risks are driving crop insurance adaptation intentions across AP1 and AP2 respondents. Finally, for AP1 respondents, the variable Annual_Sales was significant (p < 0.05) and negative, suggesting that respondents with higher annual sales were less likely to anticipate changing their crop insurance practices in light of climate change.
Model Comparison
Across all the five models, and for both survey years, only about a quarter of respondents plan on taking moderate to big changes in response to predicted climate change (ranging between 18-28%), which is a relatively small number given that the majority of all respondents intend to take no or small changes. Key covariates included in the models, however, suggest some cross-cutting themes about what is driving intentions to adapt across the practices examined in this study. In the majority of models for AP1, positive attitudes towards adaptation (Adjust_2_Change) and prior action taken in response to changes in the weather (Changed_Weather) were generally found to influence farmers' intention to take adaptive action in response to climate change in the future. These relationships for AP2 respondents were much weaker to non-existent.
One major finding is that high-perceived economic and environmental risks motivate adaptive responses in each of the models examined. This illustrates the magnitude of impact that risk perceptions, tied to economic viability and environmental impacts, motivate adaptive action. Across all models, environmental risk perceptions associated with less reliable precipitation (Less_Rel_Precip_Risk) and the variable Longer_Drought_Risk were not found to be statistically significant. The economic risk perceptions associated with Clim_Ch_Policies were not found to be significant in any models and risk perceptions associated with the cost of inputs (Cost_Inputs_Risks) were weakly associated with intentions to adapt but in the cases where it was found significant, the variable was negatively associated with intentions to adapt to projected climate change suggesting that farmers may be making a tradeoff between investing in inputs versus investing in adaptation.
Perhaps the biggest differences between models for each of the five adaptive responses examined in this study were found in the crop insurance model (Adaptive Response #5), particularly due to the poorer fit of the models for AP1 and AP2. This suggests that there may be other variables, which were not included in the models explored here, that more adequately explain farmers' intentions to change their crop insurance practices in response to climate change. These results suggest that there may be different relationships between risk management strategies, such as Adaptive Responses 1-4, which could be characterized as climate adaptation BMPs, as compared to crop insurance. Crop insurance would be considered a direct financial risk management practice which is used to buffer against damaging financial and climatic events.
The Annual_Sales variable was negative and significant in four out of five models for AP1 and 2 out of five models for AP2. Education was only found significant in two of the AP2 models. These variables were generally found to have a negative relationship with the adaptation responses explored, thus suggesting that farmers with higher education and higher farm revenue may not anticipate taking further adaptive action on their farms; however, it may be that these farmers have already taken adaptive responses on their farms and thus do not perceive the need for taking additional action.
Discussion
This study provides important and original findings on the role of risk perceptions and their influence on iPNW farmers' adaptation intentions among five adaption strategies examined across two survey time periods. These findings deliver much needed regional analyses of iPNW wheat producers' adaptation intentions not previously available. This study examined the Risk Perception Influence on Adaptive Intentions Model (Figure 1 ), which postulates that attitudes towards adaptation, perceived economic and environmental risks associated with climate change, and key socio-demographic factors influence farmers' adaptive intentions. These findings provide linkages to existing literature and illustrate important gaps in our qualitative understanding of farmers' adaptation intentions in the region.
Overall, favorable attitudes towards adaptation are positively linked with farmers' intentions to take adaptive actions in response to climate change, at least among AP1 respondents. Specifically, farmers who believe that they will have to make adjustments on their farm to mitigate climate risks are generally more willing to anticipate taking adaptive actions in the future. A positive relationship between attitudes towards adaptation and intentions to adapt has been found across other cropping systems in the U.S. [11, 13, 15] . Generally, positive attitudes associated with the use of new technologies and practices have been found to be broadly predictive of farmers' intentions to adopt other best management practices [52, 66] and are consistently positive predictors of behavioral intentions [15, [48] [49] [50] . This study provides some regional validation for these behavioral models. Further, the significance of the variables assessing whether farmers have previously made changes to their crop rotations due to weather (Changed_Weather) or high input costs (Changed_High_Costs), specifically for the crop rotation, cropping system, and soil conservation models, suggests that previous actions taken to mitigate weather and financial risks have some influence on farmers' intentions for taking future adaptive actions on their farms. This aligns with previous research that found that Midwestern farmers' current use of conservation practices, also categorized as adaptation BMPs, are a good indicator of what farmers intend on doing in the future [15] . However, other research suggests that historical behavior is not always the most important indicator of behavioral intentions or realized behavioral change [66, 67] .
Climate change risks are unique because they are not "situated" in our daily environment and thus their potential risks are not necessarily directly experienced [27] ; however, more and more extreme weather events are being associated with climate change [68, 69] and direct personal experiences with climate risks can be a predictor of climate change risk perceptions [35, 39, 40, 53] . While this work did not draw direct connections between experiences with extreme events and adaptive intentions, my findings do suggest that climate risk perceptions, associated with both economic and environmental risks, are strong predictors of adaptation intentions. As risk perceptions increase, the more likely an individual farmer is to predict that they will need to take action to respond to climate change. Mase et al. [11] found that perceived risks from weather and climate threats was one of the most important factors in influencing Corn Belt farmers' adaptation behaviors (e.g., in-field and edge of field conservation practices, purchasing additional crop insurance, and adding new technologies). Arbuckle et al. [40] found that that Corn Belt farmers with higher levels of risk perception indicated greater willingness to take adaptive action on their farms. Schattman et al. [39] found that Vermont farmers are prioritizing adaptation activities, over mitigation activities, and that perceptions of climate risks had shaped farmer motivations for engaging in adaptation activities.
Farmer socio-demographics did not prove to be very explanatory in the models assessed. However, results do suggest that higher farm sales and in some cases, education, can limit farmers' willingness to adapt their management practices to mitigate risks associated with future climate impacts. Higher levels of education have not necessarily been found to positively influence risk perceptions [32] , although they have been found to positively influence whether U.S. Corn Belt farmers intend on adapting their farm operations to climate change [15] . It is likely that including socio-demographic variables that reflect a farmers' political ideology (also more broadly representative of normative influences) would be much more likely to prove significant in their acceptance of climate change and willingness to take adaptive actions [34, 57] ; however, these variables were unavailable for this analysis.
The iPNW wheat farmers are planning on taking adaptive actions in response to climate change projections for their region. However, the number of farmers who intend on taking moderate to big changes only represents about a quarter of all respondents (ranging from 18-28%), which indicates that the majority of farmers are not planning on taking action in response to climate change with regard to their cropping system, crop rotation, tillage, soil conservation, and crop insurance practices. Farmers who do not intend on taking actions in response to climate change may presume that the risks associated with taking action outweigh the risks of inaction. If the expected effect of a given action is assessed to be small or potentially negative, farmers risk aversion may reinforce inaction because any decision to adopt a new innovation or make changes to farm management presents a risk to a farmer. This is particularly true given that there will always be some immeasurable uncertainty associated with a given decision and its potential impacts [66] . In Morton et al. [33] they find that uncertainty with climate change impacts actually prevents farmers from taking action in response to climate change; thus illustrating the complexity of farmers' assessment of risks associated with taking action and their level of uncertainty given potential impacts of climate change. It is important to note that levels of uncertainty are also influenced by farmers access to information, often highly partisan in nature [70, 71] and can be heavily reliant on advisors who may or may not have the most accurate climate change information [33, 40] and may also be part of the group-think associated with partisan identity of rural, typically more conservative, farmers [34] .
An important finding from this study suggests that farmers' intentions to make changes to crop insurance practices may differ from those intentions to adopt in-field adaptation BMPs. It may be that crop insurance is simply viewed as a cost of doing business in agriculture [13] and thus there is less variability in what farmers intend on doing because they anticipate continuing to use crop insurance to mitigate weather and economic risks. Farmers already utilize crop insurance practices to manage weather related risks, with around 85% of wheat being covered by crop insurance in [72] . Bryant et al. argue that crop insurance is an important risk management tool for farmers and yet it can "reduce the sensitivity of producers to unfavorable years and thereby reduce their propensity to adjust crop choice in response to growing season conditions" [73] (p. 196). It has also been argued that farmers are internalizing climate risks, illustrated by their demand for crop insurance and have thus internalized the burden of climate protection, rather than looking to society to reduce climate risks. This may be limiting government accountability when it comes to organizing a coherent strategy for responding to and mitigating risks associated with climate change [74] . These studies, coupled with the findings presented here, suggest a need for further research that examines the influence of crop insurance and actual crop loss claims on farmers' intentions to take adaptive actions to reduce climate risks in their operations. Crop insurance is often included with other farm-level adaptation strategies such as I have done here yet it may be inappropriate to do this. The role of crop insurance influencing adaptive behaviors is critically important yet it is difficult to separate the noise from the signal given that the majority of commodity producers in the U.S. are insuring their crops to manage interannual variability in the weather and fluctuations in the markets.
Future Research Directions
More regional qualitative research is needed, which explores the adaptive actions farmers are prioritizing and what they project they will need to do more of in response to climate change. This qualitative research would help us to better understand how farmers perceive, and define, economic and environmental risks and whether experiences with extreme weather, relationships with trusted advisors, or reliance on external information sources influences their perceptions of risk and to what extent. These data would enable researchers and agricultural advisors to assess where interventions might be needed to elevate farmers understanding of climate risks and potentially amplify their assessment of risk [29] at least to the extent that cognitive factors associated with knowledge of climate change actually influence an individual's risk assessment [32] . Finally, structural factors that constrain and enable action on the agricultural landscape [17, 71, 75] are critical factors in understanding behavioral intentions. Indeed, there are broader industrialization processes which are guiding commodity production systems in the U.S. that have constrained the choices that farmers are able to make which would allow for shifting management practices towards greater resilience [17, 76] . Future survey work must do a better job of assessing multi-scalar influences on farmer's decision-making processes, bringing both micro-and macro-level analyses to bear. Additionally, inclusion of questions pertaining to party affiliation and partisan ideology would be useful to include in future survey instruments examining farmers' responses to climate changes given the extremely partisan beliefs associated with climate change in the U.S. [70] .
Conclusions
Risks are accelerating due to climate change [68] and adaptation will be required of farmers in the iPNW region [4] ; however, policy intervention may also be required if substantive actions are to be incentivized in order to reduce climate risks [3, 17] and build capacity to conduct more climate change resilience planning [4] . It is possible that crop insurance can be harnessed in such a way to better incentivize purposeful and direct actions taken to respond to climate change. Tying crop insurance with conservation compliance efforts that incentivize climate friendly BMPs [3] , such as no-till farming, reductions in crop residue removal, addition of manure/biosolids and the use of green manures and cover crops, may be a productive avenue for further exploration.
The challenges of climate change are great and the potential risks to agriculture are significant, yet farmers are already indicating some willingness to engage in adaptation strategies that are aimed at reducing climate risks, and accomplishing other management goals, in their operations. In particular, farmers who perceive greater risks associated with future predictions are more likely to anticipate taking adaptive action; therefore, improved outreach and extension efforts are needed to link existing best management practices, such as the Natural Resources Conservation Service's Soil Health Initiative [77] the USDA Climate Hubs (https://www.climatehubs.oce.usda.gov/), to increase farmer's access to information that concretizes climate risks at a regional and sectoral specific scale to drive greater willingness to take action in response to climate change. This will require greater partnerships among researchers, agricultural professionals, and farmers in conducting applied research and developing decision support tools and outreach programs that better illustrate the environmental and economic costs and benefits of climate change adaptation and mitigation activities [6] .
